Biosynthesis of the lysosomal enzyme glucocerebrosidase.
Multiple biosynthetic forms of glucocerebrosidase were immunoprecipitated after synthesis in vitro using cell-free translation or in vivo using pulse-chase conditions in porcine kidney cells or human fibroblasts. The initial product in vitro was a 52-kDa polypeptide. When canine pancreatic microsomes were present during translation, the nascent polypeptide crossed the microsomal membrane and increased its mass to 60 kDa. Treatment of the 60-kDa polypeptide with endoglycosidase H to remove high mannose carbohydrate yielded a 51-kDa polypeptide. Thus, the membrane-translocated molecule was apparently a high mannose glycoprotein from which a signal peptide had been cleaved, as observed for the lysosomal protease cathepsin D (Erickson, A. H., and Blobel, G. (1979) J. Biol. Chem. 254, 11771-11774). Treatment of pancreatic microsomes or microsomes from porcine kidney cells with protease did not decrease the size of the polypeptide, which shows that this form is not a transmembrane protein bearing a cytoplasmic domain susceptible to digestion. The in vitro product synthesized in the presence of microsomal membranes was indistinguishable from the in vivo product synthesized during pulse-labeling of cultured porcine kidney cells. Following a 2-h chase period, the 60-kDa product was converted to a 59-kDa polypeptide. The major form of glucocerebrosidase detected after a 24-h chase period was a 56-kDa polypeptide, which in turn was converted to a 55-kDa polypeptide by 72 h. The same forms were precipitated from human fibroblasts but the rate of processing was accelerated in this cell type. Limited treatment of the 60-kDa form of glucocerebrosidase with endoglycosidase H suggested that high mannose carbohydrate is added to at least four sites on the polypeptide chain. By 24 h after synthesis, conversion to endoglycosidase H-resistant complex carbohydrate had occurred. Thus, both polypeptide and carbohydrate processing steps are involved in the biosynthesis of glucocerebrosidase.